Abstract-This paper applies the Latent Class (LC) approach to investigate households' preferences on air quality and study environmental externalities in China's coal-based power sector. We conduct a choice experiment where people are asked to choose among three hypothetical air quality improvement options and status quo characterized by different attributes. Reduction of CO2 emissions and PM2.5 (dust emissions), acid rain (SO2 and NOx emissions) and additional electricity bill are presented to respondents as attributes. Our results show that all levels of attributes were statistically significant and positive contributors to welfare. The results implies that the households in China are willing to pay an additional electricity bill for air quality improvement related to coal-based power sector, and willing to pay more for better air quality.
INTRODUCTION
Energy crisis and environment pollution has become a severe challenge for China's sustainable development. Reducing environmental disruption during the economic development becomes China's inevitable choice to realize the sustainable development. Quantitative assessment of the external costs to the environment is the important foundation of building environmental regulation policies.
Studies on the environmental externalities in power industry has recently become an actively research topic. One of the common methods is Choice Experiment (CE). Hanley et al [1] pointed out that a main merit of CE is the ability to elicit marginal attribute value of goods or services, therefore, we use CE to quantify respondents' preferences and the willingness to pay (WTP) for the clean production in coal-fired power industry in China. Although the existing researches obtain a lot of conclusions with important meaning, but also have the following issues need to be improved: (1) The results of external environment cost estimation to coal-fired power are not consistent; (2) Empirical researches on the environment externality of China's power generation industry is lack.
The rest of this paper is organized as follows. Section 2 describes our choice experiment design, followed by the methodology introduction in Section 3. Section 4 presents and discusses the results. We conclude in Section 5.
II. CHOICE EXPERIMENT DESIGN
We employed a face-to-face survey based choice experiment (CE) to elicit the public's preferences for thermal power in China. The set of attributes and their levels were based on extensive literature reviews, national standards such as Ambient Air Quality Standards (GB 3095-2012) , and interviews with researchers. A brief description of the attributes and their levels is given in TABLE I. The final questionnaire consisted of three parts: (i) the introduction of investigation purpose; (ii) the CE section; (iii) questions covering socioeconomic data and awareness of environmental issues. Respondents, a total of 600 households, were randomly selected by age, gender and geographical area. Due to non-response and unaccomplished questionnaire, 419 questionnaires were available for analysis yielding 7542 data lines (18 choice sets Χ 419 questionnaires) for analysis.
III. ECONOMETRIC MODEL
The choice experiments and the following analysis rely on Lancaster's Consumer Theory and McFadden's Random Utility Theory. The indirect utility for respondent n to choose alternative j in choice set t can be expressed mathematically as follows [2] :
where njt U is decomposed into a deterministic component njt V and a stochastic component njt
 in the choice set t , the respondent will choose alternative i over j. If the distribution of the error term njt  typically is assumed to be independently and identically distributed (IID) extreme value distribution for all i , the function of choice probability can be expressed as:
Eq. (2) describes the multinomial logit (MNL) model, which is the most basic of choice models and advanced models are established on MNL. As a response to the weakness of MNL, the Latent class (LC) model have been developed to better represent heterogeneity in preferences [3] . Latent class is able to capture preference heterogeneity across individuals by simultaneously assigning individuals into behavioral groups or latent segments. For respondent n, who belongs to a particular segment s, the utility of choosing alternative j in choice set t, can be written as:
Here, njt X is a vector of choice attributes and socioeconomic characteristics of respondent n, s  is a vector of segment-specific parameters to be estimated, and | njt s  is an unobserved component, a random error of the utility function. Assuming the iid extreme value distribution in segment, the probability that respondent n , who belongs to segment s, chooses alternative j in choice set t, is:
The allocation of respondent n to the segment s is determined by some individual-specific invariant characteristics [4] . The probability of respondent n belonging to segment s can be estimated as a multinomial logit:
where, s  is a segment specific parameter vector and Z n is a vector the observed characteristic (age, gender, etc.) of respondent n. the Sth parameter vector is normalized to zero to secure identification of the model [5] . Given choice probability and the segment probability, the joint probability that respondent n belongs to class s and chooses an alternative j is given by:
Several indicators has proposed to determine the number of latent segments in Latent Class among existing literatures, such as the minimum Akaike Information Criterion (AIC), and the minimum Bayesian Information Criterion (BIC). BIC is more often used in latent class model because a harsher penalty is imposed by BIC than AIC on the number of parameter and log-likelihood value. Therefore, analyst should take a comprehensive consideration of these criteria, analyst's judgments and model parsimony to guide the final function of latent class model. WTP measures are calculated as ratios of two parameters. It was important that both parameters (a given attribute and cost) were statistically significant; if not, no meaningful WTP measure can be obtained. According to Hanemann [6] , the marginal WTP is specified as:
We estimate the marginal willingness to pay of three attributes, PM2.5, Acid rain and CO2, along with the 95% confidence intervals estimated using the procedure proposed by Krinsky and Robb (1986) .
IV. RESULTS

A. General Sample Characteristics
TABLE III summarizes the main socio-economic characteristics of the sample. It can be seen that sixty percent of the sample is male. The respondents is relatively young and well-educated, since about forty-five percent of sample is under 29 years old and sixty-nine percent of respondents is college degree or higher level. Household annual income is mostly below the China average, because our survey was conducted in city, town and country, where there has a high income inequality. The majority of respondents have kids. Questions about environmental issue were also asked, such as awareness of greenhouse effect. The survey shows about eighty-two of respondents have realized that greenhouse effect is happening. The results show that the environmental attributes, that is, all levels of improvement in PM2.5 and Acid rain and reduction of CO2, give positive utility to respondents. The premium ("Bill") was statistically significant at 1% level and negative which means that the probability of paying an extra bill for environment improvement decreased as the premium increased and environment improved. 
C. LC Estimation Results
TABLE V presents the AIC, BIC, LL value and McFadden Pseudo R2 for LC model from two to six segments. The results show that as the number of segments increases, the AIC value decrease while BIC reaches the lowest point at threesegment solution, and LL value and McFadden Pseudo R2 increase. Since BIC penalizes harsher on number of parameters and LL values than AIC and the improvement of LL value and McFadden Pseudo R2 is relatively strong from 2 to 3 classes, the LC model with three segments is opted for rest of analysis of LC model.
The result of three-class LC model is reported in TABLE VI, all the membership coefficients for segment 3 are normalized to zero, and the other coefficients are interpreted in relation to segment 3. The result indicates that compared to segment 3, there are more male respondents, less respondent with "college or higher" education level, and more respondent with kids in segment 1. For segment 2, all the "Income" coefficients are significant positive, suggesting respondents in segment 2 had a higher income than that in segment 3. Considering the positive sign of "No kids" in segment 2, there are more respondents without kids in segment 2.
As for the utility function, the respondents in segment 1 were characterized by positive and significant coefficients for "PM2.5 (Light)", "CO2 reduction (11%~20%)" and "CO2 reduction (6%~10%)", while for the other attributes coefficients are not significant. This implied that respondents in segment 1 only cared about improvement in PM.5 and CO2 reduction. Meanwhile, the respondents in segment 2 and 3 concern about all levels of environmental improvement, but respondents in segment 3 also care the premium, when the premium increases, they become unwillingness to pay. The results also show that 27.5 percentage of respondents belong to segement 1, 21.7 percentage belong to segment 2, and 50.8 percentage to segment 3. 
D. Willingness to Pay Analysis
The estimated marginal WTP values for the attributes of MNL and LC models are presented in TABLE VII. The Krinsky and Robb (1986) bootstrapping procedure using 2,000 draws has been applied to calculate the standard errors. The results also indicate that the marginal WTP per household for PM2.5 improving from moderate pollution (status quo) to excellent air quality is 16.463 CNY per month, for acid rain from severe acid rain to non-acid rain is 18.02 CNY per month and for CO2 from non-emission reduction to high emission reduction is 10.36 CNY per month. For PM2.5, the value of WTP for PM2.5 (excellent) and PM2.5 (good) were almost the same, and higher than PM2.5 (light); For acid rain, the value of WTP for non-acid rain is the highest, higher than light acid rain and moderate acid rain; For CO2 reduction, the value of WTP for reduction (11%~20%) is higher than the others. These results indicate that respondents are willing to pay more for better environmental condition.
V. CONCLUSION
The main objective of this study was to assess the external environmental cost of coal-fired power plant using latent class approach. The results of MNL and LC indicate that, respondents' willingness to pay for improving environmental externality of coal-based power sector is significantly positive and respondent are willing to pay more for better environmental condition.
In our analysis we focus on quantifying willingness to pay for environmental improvement. The results may contribute to electricity bill and policy maker.
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